The main vector of Chagas disease in Venezuela was exposed to the odors of citral, cinnamon and ruda. Cinnamon was found to stop the life cycle of Rhodnius prolixus relative to untreated animals. Citral and ruda also influenced the life cycle but not to the extent of animals exposed to cinnamon. We suggest that future research be directed toward using cinnamon in field and toxicity tests.
INTRODUCTION
In the course of conducting experiments on the learning of Chagas disease vectors we discovered that exposure to cinnamon odor completely stops the life cycle of the triatomine Rhodnius prolixus by inhibiting the fifth-instar from turning into an adult [1] [2] [3] . The inability to molt into an adult prevents further reproduction and therefore the spread of Chagas disease. Exposure to the odor of citral and ruda (Ruta graveolens) delays the life cycle and is less effective than cinnamon relative to untreated animals.
Chagas disease is transmitted by triatomines and is endemic in rural areas. Chagas disease is the 4 th leading cause of death in Latin America and infects 16 to 18 million people with 100 million more at risk [4] . Triatomines are haematophagous insects and transmission of the parasite takes place during and/or after engorgement when feces contaminate the skin.
There are no current vaccines against Chagas and there are no cures once the disease has progressed to the chronic phase. The lack of a vaccine and cure makes it imperative that greater effort be made to find stimuli that can serve as repellents. We believe we found one in cinnamon.
R. prolixus is the main vector in Venezuela and is a domestic species that adapts well to human dwellings, especially to houses with palm-thatched roofs [5] . The current method of control in Venezuela is the use of insecticides. The use of insecticides such as pyrethroids, organochlorides, organophosphates and carbamates is problematic because it leads to resistance, is often misapplied in rural areas and kills non-target organisms [6] [7] [8] [9] . There is a need to find alternatives that can be used as part of an overall strategy of integrated pest management.
MATERIALS AND METHODS
Four groups of R. prolixus were maintained at 28 ± 2ºC and 50 -60% relative humidity and reared from a laboratory colony started 30 years ago. The colony has never been exposed to insecticides nor have they been in contact with triatomines from the field. After molting from fourth-instar, the animals were starved and used within 7 days. Control animals (n = 30) were not exposed to any odor. Those in the remaining groups were exposed either to citral (Aldrich-Sigma Chemical, St. Louis, MO n = 50), ruda (Perfumeria Vitel S.R.L., n = 47) or cinnamon (Gilberties Herbs, Easton, CT, n = 48). Although the main focus of our study was an investigation of cinnamon, ruda is known to disrupt feeding behavior in butterfly larvae (Hypsipyla grandella) and citral is known to be a repellent against mosquitoes (Aedes aegypti), house flies (Musca domestica) and cockroaches (Periplaneta americana) [10] [11] ; we wanted to obtain data on whether similar effects can be observed in triatomines.
Each group was placed in a 500 L jar for the duration of the experiment. The lid consisted of a net to facilitate feeding. The odor was placed inside the jar by impregnating a cotton swab in 2.7 L of the odorant. The swab was left inside the jar containing the triatomines and replaced every two days. To induce the animals to molt, the jars containing triatomines were attached to a chicken for feeding once a week for the first 3 weeks of the experiment. The experiment lasted 71 days. Ruda  Citral  Cinnamon  0  47  50  48  0  0  0  57  46  45  20  0  1  0  63  22  7  16  24  34  0  65  16  5  16  2  0  0  71  16  5 
RESULTS AND DISCUSSION
The results of the experiment are quite striking and shown in Table 1 . The number of animals surviving on examination days differed among the three odor treatment groups ( 2 8 = 27.75, P <0.001, Power = 0.986). Animals exposed to ruda and citral delayed molt onset relative to controls. All controls animals molted from the fith instar to adults before day 30 (98.2%). Ruda and citral groups did not differ in the number of instars molting (Rank-sum test: T = 27.5, N = 5, P = 0.916). None of the animals exposed to the odor of cinnamon molted from fifth-instar to adult. Exposure to cinnamon prevented the animals from feeding; therefore, they did not molt. The inability of cinnamon treated animals to feed during the first three weeks stimulated us to give them two more feeding opportunities. Again, they did not feed.
Our results are the first to demonstrate that exposure to the odor of cinnamon stops R. prolixus from molting into an adult and influences survival.
Results of larvicidal tests have demonstrated that cinnamaldehyde and cinnamaldehyde/cinnamyl acetate type chemicals affected fourth-instar mosquito larvae A. aegypti [12] . Our data are also the first to show that exposure to ruda and citral delay the onset of molting. Venezuela has excellent conditions to rear cinnamon trees and we suggest that future research be directed toward field tests and toxicity tests under laboratory conditions [13] .
